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(57) ABSTRACT 

The present invention relates to the treatment of cancer with 
compounds that inhibit the activity of endo-exonuclease. 
Endo-exonuclease has been shown to be necessary for the 
repair of damaged DNA. Compounds that inhibit the activity 
of endo-exonuclease have been shown to be particularly 
effective for treating cancer when used in combination with 
drugs that induce DNA breaks Such as cisplatin and mito 
mycin C. These compounds have a synergistic effect when 
used in combination for inhibiting tumour growth. The 
invention includes pharmaceutical compositions for inhib 
iting tumour growth comprising a compound that inhibits 
endo-exonuclease activity. These pharmaceutical composi 
tions preferably include compounds that induce DNA 
breaks. The invention includes methods of treating cancer 
with these pharmaceutical compositions and uses of these 
compositions to treat cancer. The preferred compounds that 
inhibit the activity of endo-exonuclease have low toxicity. 
One such compound is pentamidine. The invention also 
includes a method for diagnosing cancer and monitoring its 
progression. This aspect of the invention involves isolating 
serum from a patient; measuring the concentration of endo 
exonuclease in said serum and determining whether said 
concentration is above a predetermined mean. 

4 Claims, 18 Drawing Sheets 
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INHIBITORS OF ENDO-EXONUCLEASE 
ACTIVITY FOR TREATING CANCER 

FIELD OF THE INVENTION 

The present invention relates to chemotherapeutic agents 
for treating cancer. 

BACKGROUND 

Cancer cells proliferate more rapidly than normal cells. 
The rate of mitosis and DNA replication is therefore sig 
nificantly greater in cancer cells. Agents that inhibit DNA 
replication and recombination affect cancer cells more than 
normal cells. 
Many chemotherapeutic agents for treating cancer inhibit 

DNA replication by inducing DNA breaks. Some drugs, 
Such as mitomycin, induce DNA breaks in part by binding 
to the DNA itself. Other anticancer agents interfere with 
topoisomerase enzymes, which modify DNA structure. In 
doing so, they induce Strand breaks. Normally the breaks are 
transient but in the presence of a topoisomerase enzyme 
inhibitor, such as etoposide, the breaks become longer lived 
and expose the DNA to permanent damage. 

Living organisms repair DNA by a variety of mechanisms 
including an excision-repair system. Enzymes that mediate 
excision-repair cut out the damaged DNA. They then replace 
the damaged DNA sequences with the correct sequences. 
This repair system lessens the efficiency of cancer therapies 
that are dependant on chemotherapeutics that induce DNA 
breaks. The loss in efficiency necessitates the use of high 
concentrations of DNA-breaking chemotherapeutics in 
order to obtain a satisfactory inhibition of cancer prolifera 
tion. These chemotherapeutics are very toxic and have 
damaging side effects. The need to use high concentrations 
is a significant drawback. 

It has been suggested that endo-exonucleases may func 
tion in DNA repair and recombination. U.S. Pat. No. 5,324. 
830 to Resnick et. al. describes the isolation of a DNA 
segment that codes for an endo-exonuclease, RhoNuc from 
S. cerevisiae. U.S. Pat. No. 5,489,524 describes the charac 
terization of a gene for mammalian endo-exonuclease and 
the isolation of primate endo-exonuclease. However, it has 
not been previously suggested that inhibiting endo-exonu 
clease activity would be effective for inhibiting the DNA 
repair process or the proliferation of cancer cells. 

There is a need for compounds that inhibit the prolifera 
tion of cancer cells that are less toxic than conventional 
chemotherapeutics. There is further need for compounds 
that inhibit DNA repair in order to inhibit the proliferation 
of cancer cells. There is a further need for compounds that 
can be used in combination with conventional chemothera 
peutics to improve the efficiency of cancer treatment. There 
is a further need for such compounds to be used in combi 
nation with conventional chemotherapeutiucs so that the 
combination permits the use of lower dosages of chemo 
therapeutics to cancer patients without loss of therapeutic 
efficiency. 

SUMMARY OF THE INVENTION 

The present invention relates to the discovery that cancer 
cells have higher concentrations of endo-exonuclease than 
normal cells. The invention provides a method of inhibiting 
the proliferation of cancer cells and the growth of tumours 
by inhibiting endo-exonuclease activity. The invention also 
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2 
provides a method of diagnosing cancer based on elevated 
concentrations of endo-exonuclease in cancer cells. 

According to one aspect of the present invention com 
pounds are provided that inhibit endo-exonuclease activity. 

According to another aspect of the present invention, a 
method of inhibiting the proliferation of cancer cells and 
tumour growth is provided comprising the step of adminis 
tering to a patient compounds that inhibit the activity of the 
endo-exonuclease. 

According to another aspect of the present invention, 
compounds that inhibit the activity of endo-exonuclease are 
provided in combination with conventional chemotherapeu 
tics that cause breaks in DNA, to inhibit the proliferation of 
cancer cells and tumour growth. The invention includes a 
method of inhibiting the proliferation of cancer cells and 
tumour growth comprising the step of administering to a 
patient a compound that inhibits the activity of endo 
exonuclease in combination with conventional chemothera 
peutic drugs that cause breaks in DNA. The invention 
includes the use of compounds that inhibit the activity of 
endo-exonuclease in combination with agents that cause 
breaks in DNA to inhibit the proliferation of cancer cells and 
tumour growth. 

According to one aspect of the present invention, there is 
provided a pharmaceutical composition for inhibiting the 
proliferation of cancer cells and tumour growth that com 
prises a compound that inhibits endo-exonuclease activity. 

According to another aspect of the present invention, 
there is provided a pharmaceutical composition for inhibit 
ing the proliferation of cancer cells and tumour growth that 
comprises a compound that inhibits endo-exonuclease activ 
ity and a compound that induces breaks in DNA strands. 

According to another aspect of the present invention, 
there is provided a method of inhibiting the proliferation of 
cancer cells and tumour growth comprising the step of 
inhibiting endo-exonuclease activity. 

According to yet another aspect of the present invention, 
there is provided a method of inhibiting the proliferation of 
cancer cells and tumour growth comprising the step of 
administering to a patient a pharmaceutical composition 
comprising a compound that inhibits endo-exonuclease 
activity in combination with an agent that induces breaks in 
DNA strands. 

According to one aspect of the present invention, there is 
provided a use of a compound that inhibits endo-exonu 
clease activity for inhibiting the proliferation of cancer cells 
and tumour growth in a patient. 

According to another aspect of the present invention there 
is provided a use of a compound that inhibits endo-exonu 
clease activity for inhibiting the proliferation of cancer cells 
and tumour growth in a patient in combination with a 
compound that induces breaks in DNA strands. 

According to yet another aspect of the present invention 
there is provided a method of diagnosing cancer comprising 
the step of measuring the concentration of endo-exonuclease 
in a serum sample from a patient. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a bar graph showing the level of endo-exonu 
clease in various cell lines; 

FIG. 2 is a graph showing the survival of various cells in 
presence of different amounts of pentamidine using a clo 
nogenic assay; 

FIG. 3 is a bar graph showing the combination effect of 
different drugs (mitomycin C+pentamidine, etoposide+pen 
tamidine) on cell death; 
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FIG. 4 is a bar graph showing the combination effect of 
cisplatin and pentamidine on cell death; 

FIG. 5 is a graph showing the effect of a polymer implant 
of pentamidine on tumour growth in the RIF tumour mouse 
model; 

FIG. 6 is a graph showing the combination effect of 
polymer implant of pentamidine and irradiation on tumour 
growth in RIF tumour mouse model; 

FIG. 7 is a graph showing the effect of pentamidine on the 
growth of primary tumour in the Lewis lung carcinoma 
model in mice; 

FIG. 8 is a graph showing the toxicity of pentamidine 
given by an intraperitoneal route; 

FIG. 9 is a graph showing the anti-cancer effect of 
pentamidine in Vivo: 

FIG. 10 is a graph showing the anti-cancer effect of 
pentamidine and cisplatinum both individually and in com 
bination in vivo; 

FIG. 11 is a graph showing the anti-cancer effect of 
pentamidine and cisplatinum both individually and in com 
bination in vivo; 

FIG. 12 is a graph showing the anti-cancer effect of 
pentamidine and cisplatinum both individually and in com 
bination in vivo; 

FIG. 13 is a graph showing the effect of pentamidine on 
the growth of Lewis lung carcinoma primary tumours; 

FIG. 14a is graph showing the anti-cancer effect of 
pentamidine and cisplatinum both individually and in com 
bination in vivo; 

FIG. 14b is a bar graph showing the anti-cancer effect of 
pentamidine and cisplatinum both individually and in com 
bination in vivo; 

FIG. 15 is a bar graph showing the anti-cancer effect of 
pentamidine and cisplatinum both individually and in com 
bination in vivo; 

FIG. 16 is a bar graph showing the effect of pentamidine 
on the incidence of Lewis lung carcinoma induced lung 
metasteses; 

FIG. 17 a bar graph showing the anti-cancer effect of 
pentamidine and cisplatinum both individually and in com 
bination in vivo; 

FIG. 18 is a graph showing the anti-cancer effect of 
pentamidine and adriamycin in Vivo: 

FIG. 19 is a bar graph showing the effect of pentamidine 
and adriamycin on body weight for primary tumour in Vivo: 
and 

FIG. 20 is bar graphs showing the antimetastatic effect of 
pentamidine and adriamycin in Vivo: 

For the purposes of the figures, OP refers to pentamidine, 
Adr refers to adriamycin and CDDP refers to cisplatinum. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The invention relates to the surprising discovery that 
endo-exonuclease plays an important role in cell prolifera 
tion. It is required for normal growth and tissue repair. 
Endo-exonuclease plays a special role in cells that prolifer 
ate rapidly Such as cancer cells. This enzyme is found in high 
concentrations in cancer cells where it actually helps to 
maintain tumour growth. Endo-exonuclease functions by 
repairing breaks in DNA molecules, which carry all of the 
genes that make cells function. DNA breaks often occur 
during the cell division process and must be repaired if cell 
proliferation is to continue. 
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4 
The present invention relates to chemical compounds that 

inhibit the activity of endo-exonuclease. This inhibits the 
proliferation of cancer cells and tumour growth. The inven 
tion preferably involves the combination of compounds that 
inhibit the activity of endo-exonuclease with agents that 
cause DNA breaks. Preferably, compounds or other agents 
that cause double strand breaks in DNA are combined with 
compounds or other agents that inhibit the activity of 
endo-exonuclease. Combining these types of compounds or 
other agents provides a valuable tool for cancer therapy. 
The present invention relates to the unexpected result that 

pentamidine inhibits the activity of endo-exonuclease. It was 
previously known that pentamidine has anti-fungal activity. 
It has been found that pentamidine inhibits the activity of 
endo-exonuclease sufficiently to stop the growth of cancer 
cell lines in-vitro. Pentamidine also slows tumour growth in 
animals with very aggressive cancers. Cancer treatment with 
pentamidine is especially advantageous because pentami 
dine has low toxicity relative to standard chemotherapeutic 
agents. The side effects of pentamidine are often different to 
those of standard chemotherapeutic agents so that when 
pentamidine and those agents are used together, the side 
effect profile is potentially less hazardous. 

Other compounds that inhibit the activity of endo-exonu 
clease are within the scope of the invention. For example, it 
is possible to construct an antisense sequence to the gene 
that codes for endo-exonuclease in order to inhibit the 
production of endo-exonuclease. Other compounds that 
inhibit the activity of endo-exonuclease that are within the 
Scope of the present invention include distamycin A and 
berenil. 
The invention also relates to the combination effect of 

using known compounds and other agents that cause single 
strand or double strand DNA breaks with compounds and 
other agents that inhibit the activity of endo-exonuclease to 
inhibit the proliferation of cancer cells and tumour growth. 
It has been found that compounds and other agents that 
cause double stranded DNA breaks work especially well in 
combination with compounds and other agents that inhibit 
the activity of endo-exonuclease. This inhibits the prolifera 
tion of cancer cells and tumour growth. Agents can cause 
double strand breaks directly or can cause single strand 
breaks that progress to double strand breaks. This is a 
common occurrence in biological systems. 
The invention also relates to the use of compounds such 

as pentamidine, distamycin A and berenil to inhibit the 
action of endo-exonuclease to inhibit the proliferation of 
cancer cells and tumour growth. One could also use these 
compounds to inhibit tumour growth either alone or in 
combination with known drugs that cause DNA breaks. 
Agents that induce DNA breaks that are within the scope of 
the present invention include cisplatin, mitomycin C, mel 
phalan, carmustine, adriamycin, taxol. 5-fluoro-uracil, ion 
izing irradiation and bleomycin. 

Various permutations and combinations of compounds 
and other agents that cause single strand or double strand 
DNA breaks with compounds and other agents that inhibit 
the activity of endo-exonuclease are within the scope of the 
invention. Compositions or mixtures of these compounds 
and other agents may be administered to patients which 
include humans and animals. Compositions include all phar 
maceutical formulations of a compound and a compound in 
its pure state. Combinations include two or more composi 
tions. This includes two or more different formulations of a 
compound Such as a tablet formulation and a liquid formu 
lation. Mixtures of two or more compounds in the same 
formulation are also within the scope of the invention. 
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Compositions also include excipients such as micelles, 
vesicles and liposomes that enhance the therapeutic perfor 
mance of the compound and other agents. The action of 
vesicles, micelles and liposomes includes improving the 
solubilization of the compounds and agents, improving their 
delivery to tumour cells, and interacting with tumour cells to 
make these cells more permeable to compounds and agents. 
Improving efficiency could improve treatment or allow 
equivalent results with reduced dosing and side-effects. 

EXAMPLES 

The cell lines from human colon adenocarcinoma (HT29), 
human breast adenocarcinoma (MCF7) and human cervical 
epitheloid carcinoma (HeLa) were obtained from the Ameri 
can Type Culture Collection (ATCC) and have ATCC acces 
sion numbers HTB-38, HTB-22, and CCL-2 respectively. 
The normal primary cell, NHDF, was obtained from Dr. 
Shirley Lehnert. These cells are normal human skin fibro 
blasts. The cells were grown in RPMI media supplemented 
with 10% FCS at 37° C. in a humidified incubator with 5% 
CO. 

Example 1 

Determination of Endo-Exonuclease Levels in Cells 

The endo-exonuclease level in the cell lines was deter 
mined with Immuno-blot method as described by Chow and 
Resnick (1987). Exponentially growing cells were boiled in 
lysis buffer (0.125 M Tris-HCl pH7.0, 20% glycerol, 4% 
SDS, 0.5 mM EDTA). The lysed cells were then centrifuged 
at 10,000 g for 10 min and 25 ul of the supernatant were 
electrophoresed on a 10% SDS-polyacrylamide gel (SDS 
PAGE) according to the method described by Laemmli 
(1970). Proteins that had been separated on the SDS-PAGE 
gel were transferred electrophoretically to a nitrocellulose 
membrane. The nitrocellulose membrane was then reacted 
with rabbit antiserum raised against the monkey CV-1 
endo-exonuclease in buffer B (10 mM Tris-HCl, pH8.0, 1 
mM EDTA, 150 mM. NaCl) containing 0.5% skim-milk 
powder according to the method previously described Chow 
and Resnick (1988). After the membrane had been washed 
three times in buffer B for 15 min., protein A (a polypeptide 
isolated from Staphylococcus aureus that binds to the Fc 
region of the immunoglobulin molecules without interacting 
at the antigen binding site) conjugated with horseradish 
peroxidase in buffer B containing 0.5% skim-milk powder 
was added to the membrane and incubated for 3 hat room 
temperature. The membrane was Subsequently washed with 
buffer B for 15 min. Positive signals were indicated by 
colour development of the substrate 4-chloro-1-naphthol at 
the corresponding protein position in the horseradish per 
oxidase enzymatic reaction. Relative amounts of positive 
signals were detected using a HP4c scanner and Light Tool 
Research Software program. 

Based on this method, the endo-exonuclease levels in 
normal cells and the HT29, MCF-7 and HeLa cell lines were 
calculated. The results presented in FIG. 1 show that the 
level of the endo-exonuclease is much higher in cancer cells 
than in normal cells. The results suggest that inhibition of the 
enzyme should provide a means of preferentially attacking 
cancer cells. In addition, the results suggest that measure 
ment of enzyme concentrations in body fluids or tissues 
provides a means of detecting cancer and of monitoring its 
progress. 
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Example 2 

Determination of Cell Survival 

Cell survival was determined according to the following 
methods: 

Cell Survival Clonogenic assay: Clonogenic measurement 
of cell survival was used to determine the initial effective 
ness of pentamidine according to the method described in 
Sadekova et al. (1997). In this method, logarithmically 
phase cells (range from 1000 to 3000 cells/50 mm depend 
ing on plating efficiency) were seeded onto cell culture 
plates together with various drug concentrations (ranging 
from 0.2 LM to 20 mM). After 1 week of growth, cell 
colonies were stained with crystal violet and the numbers of 
colonies were counted. 

Cell Survival MTT assay: The MTT (3-4,5-Dimethylthi 
azol-2-yl)-2.5 diphenyl tertrazolim bromide) method of 
determining cell growth/cytotoxicity offers a convenient 
alternative to determine cell survival. MTT is a tetrazolium 
salt cleaved by mitochondrial dehydrogenases of living 
cells. Cleavage converts yellow, water soluble MTT to an 
insoluble, purple formazan crystal. The crystals can be 
solubilized with a 50% N,N-dimethylformamide (vol/vol). 
20% SDS (wt/vol) solution (pH4.7), and absorbance deter 
mined at a wavelength of 570 nm. Dead cells will not cleave 
MTT and uncleaved MTT is not detectable at this wave 
length. The amount of MTT that is cleaved increases with 
increasing cell numbers, and decreases as a result of cell 
cytotoxicity (Niks and Otto 1990, Hussain et al. 1993). 

Cells were harvested from cell cultures using the standard 
protocol (Trypsin/EDTA). The cells (1000 to 5000 cells 
depending on cell type in 50 ul) were then plated and 
incubated overnight at 37° C. before the addition of experi 
mental reagents (i.e. the drug of interest), for the combina 
tion experiment, both drugs were added. After 2 days of 
incubation at 37° C., 100 ul of a 5 mg/ml solution of MTT 
was then added to all the experimental wells as well as the 
media control well. The plates were further incubated for 4 
hours. A 100 ul of MTT solubilization buffer was added and 
the plates were incubated overnight at 37° C. The plates 
were then read on the ELISA plate reader with absorbance 
at 570 nm and a reference at 630 nm. 

Lewis Lung Carcinoma Cell Line and Cell Culture: The 
Lewis lung carcinoma clone, M47, is a metastatic model. 
Lewis lung carcinoma cells were maintained in RPMI-1640 
medium Supplemented with fetal bovine serum and penicil 
lin-streptomycin. For tumour induction, cells were washed 
three times with phosphate buffer solution. They were then 
re-suspended at a dilution of 1x10° cells/0.1 ml. Only cells 
where viability was >95% were used for in vivo studies. 
The mouse strain used in this study was C57BL/10. After 

one-week of acclimatization, cells were transplanted into the 
mice Subcutaneously, as a Suspension of tumour cells. All 
animals were inoculated at the same site. 
To measure the effect of drugs on the primary tumour, 

drug solutions were administered by intraperitoneal (ip) 
injection every two days. Animals were subjected, on a daily 
basis, to general examination. Tumour growth was moni 
tored over time. To determine the effect of drugs on tumour 
metastasis, the tumours were allowed to reach a size of 
0.5–1.0 cm. Mice were randomized into various groups and 
the drugs were then given by ip. At the end of each 
experiment, animals were sacrificed and autopsied. 
Tumours, organs or both were removed under sterile con 
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ditions. Tumours were weighed. Organs were examined for 
gross pathological changes and then fixed in formalin. 
Lungs were fixed in Bouin’s fixative and lung Surface 
metastases were counted using a stereomicroscope. 

RIF (Radiation-induced Fibrosarcoma) Cell Line and Cell 
Culture: The radiation-induced fibrosarcoma clone, RIF-1, 
is a solid tumour model. RIF-1 cells were maintained in 
DMEM medium supplemented with fetal bovine serum and 
penicillin-streptomycin. For tumour induction, 2x10 cells 
were injected s.c. into the backs of mice from the C3H strain. 
Tumours appeared within 10 days and reached a volume of 
94-130 mm within 3 weeks. Poly (carboxyphenoxypro 
pane-co-sebacic acid) or poly (CPP-SA) polymer implants 
containing the drug were prepared and implanted into the 
tumour according to the method described by Yapp et al. 
(1997). The same person measured the sizes of the tumours 
every two days until they reached 4 times the initial volume 
at the time of implant. The final volume was 400 mm. 

For the combination experiment, a signal dose of gamma 
irradiation ('Co. Theratron 780) at a dose rate of 1 Gy/min 
was delivered 24 hrs after implant of the drug-containing 
polymer. 

Example 3 

Endo-Exonuclease Isolation and Assay 

The human endo-exonuclease was isolated according to 
the method described by Liu and et al (1995). The cultured 
cells were detached with trypsin-EDTA and the cell suspen 
sions were centrifuged at 4°C. with a force of 700 g for 10 
minutes. The cell pellets were washed twice with cold 
phosphate buffered saline (PBS). The cells were then resus 
pended and sonicated in 20 mM Tris-HCl, pH 7.5, contain 
ing 5 mM EDTA and 1 mM PMSF (buffer A). The resulting 
cell lysis suspensions were centrifuged at 4° C. at 10,000 g 
for 15 min. The supernatants were then loaded onto an 
antibody-protein A-Sepharose affinity column, as previously 
described by Chow and Resnick (1987). After washing 
extensively with buffer A, (i.e. until the As of the eluates 
were Zero), the column was then eluted with buffer A 
containing 3.5 M MgCl, to elute the endo-exonuclease. The 
eluted endo-exonuclease was dialyzed extensively against 
buffer A with at least two changes of buffer and one change 
of distilled water. The endo-exonuclease was then concen 
trated by lyophilization. 

The nuclease activities were determined by measuring the 
release of acid soluble radioactivity from y-o-labelled, 
heat-denatured single-strand p3R322 DNA according to the 
method described by Chow and Resnick (1983). One unit of 
activity was defined as the amount of deoxyribonuclease that 
renders 1 ug of DNA acid-soluble in 30 min at 37° C. For 
the inhibition assay with the drugs, the drugs were added to 
the endo-exonuclease prior to the start of the nuclease 
reaction. Table 1 shows the levels of the endo-exonuclease 
inhibition by various chemotherapeutic agents. 

TABLE 1. 

Inhibition of Endo-exonuclease Activity by Chemotherapeutic Agents 

Chemotherapeutic Agent Percent of Inhibition 

Pentamidine (25 M) 
Pentamidine (50 iM) 
Pentamidine (100 IM) 
Distamycin A (38 LM) 

37% 
SO% 
100% 
30% 
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TABLE 1-continued 

Inhibition of Endo-exonuclease Activity by Chemotherapeutic Agents 

Chemotherapeutic Agent Percent of Inhibition 

Berenil (2 mM) 
Mitomycin C (50 iM) 
Etoposide (VP-16) (50 iM) 

Example 4 

Cell Survival in the Presence of Pentamidine Using 
Clonogenic Assay 

Clonogenic measurement of cell Survival was used to 
determine the initial effectiveness of pentamidine according 
to the method described above. 

The rates of survival in the presence of pentamidine of 
primary cells, MCF7 and HeLa cells using the clonogenic 
assay are shown in FIG. 2. The results shown in FIG. 2 
demonstrate that pentamidine preferentially attacks cancer 
cells in a dose dependent manner. The cancerous MCF7 and 
HeLa cell lines were compared with the human primary 
fibroblast cells. The survival rates of the cells were measured 
at different doses of pentamidine. Pentamidine began to kill 
the cancer cells at concentrations of 0.1 mM and was lethal 
at a concentration of 1 mM. Under these conditions, penta 
midine had no effect on normal primary human cells. The 
dose dependence and the selectivity towards cancer cells 
show that pentamidine is a useful anticancer agent. 

Example 5 

Anticancer Activity 

The anticancer activities of pentamidine and a number of 
known anticancer agents are shown in Table 2. 

TABLE 2 

Comparison of the LCso of Various Anti-cancer Agents on Cancer Cell 
lines 

Pentamidine 
mM Mitomycin C 

4 mM mM 

Cancer Etoposide 

cell Cisplatin (mM 

2 day day 2 day 4 day 2 day 4 day 2 day 4 day type 

O.50 
O.50 
0.413 
0.49 

O.24 
1.34 
O.15 
O.15 

>34 
15.6 
1.1 

HT29 O.27 O.O6 0.4 0.48 

In Table 2, The cancer cell types are: H520 NSCLC 
(Squamous carcinoma, primary tumour), H460 NSCLC 
(Large cell carcinoma, pleural effusion), H661-NSCLC 
(Large cell carcinoma, lymph node). MCF-7—Breast cancer 
(Adenocarcinoma, pleural effusion) HT29—Colon cancer 
(Adenocarcinoma, primary tumour). The length of time that 
the cells are exposed to the compound is indicated in terms 
of days. Data indicated by numeral 3 was obtained from the 
National Cancer Institute. 
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LCso is the concentration of a drug or chemical that kills 
50% of the cells. The results show that pentamidine is an 
anticancer agent. The data also show that pentamidine is 
more lethal to cells than etoposide but less so than mitomy 
cin C. The effectiveness of pentamidine increases if the 5 
experiment is run over 4 days as opposed to 2. This suggests 
that naturally occurring strand breaks in DNA are relatively 
infrequent and that prolonged exposure to pentamidine is 
beneficial. 

The clinical use of these agents depends upon the balance 
between anticancer activity and harmful side effects. Thus a 
relatively non-toxic agent, which can be given in high 
concentration may be more effective than a more aggressive 
but toxic agent which can only be tolerated in very small 
doses. Based on known clinical data, pentamidine has low 
toxicity. 

The anticancer activities of pentamidine and distamycin A 
and berenil are shown in Table 3. 

10 

15 

TABLE 3 2O 

Comparison of LCso of Pentamidine, Distamycin A, and Berenil on Cancer 
Cell-Lines 

Berenil (mM) 
2 day 

Cancer cell 
type 

Pentamidine (mM) Distamycin A (mM) 
2 day 2 day 25 

O.24 
1.34 
O.15 
O.15 
0.27 

>2.0 
>2.0 
>2.0 
1.52 

>2.0 >4.0 30 

The cancer cell types are: H520 NSCLC (Squamous 
carcinoma, primary tumour), H460 NSCLC (Large cell 
carcinoma, pleural effusion), H661—NSCLC (Large cell 
carcinoma, lymph node), MCF-7 Breast cancer (Adeno 
carcinoma, pleural effusion), HT29 Colon cancer (Adeno 
carcinoma, primary tumour). 
The length of time in days that the cells are exposed to the 

compound is indicated in Table 3. 
These results show that these inhibitors of endo-exonu 

clease have anti-cancer activity. 

35 

40 

Example 6 

Combining Endo-Exonuclease Inhibitors with DNA 45 
Break Inducers 

The data in Table 4 shows the effect of combining 
pentamidine with mitomycin C, etoposide and cisplatin. 50 

TABLE 4 

LCso of Pentamidine On Cancer Cells When Used Alone 
Or In Combination With Other Anti-cancer Agents 

55 
Pentamidine Pentamidine 

Penta- (mM) with (mM) with 
midine Mitomycin C Etoposide (34 
(mM) (1.56M) IM) 
2 days 2 days 2 days 

Pentamidine (mM) 
With Cisplatin 
(0.025 M) 

2 days 
Cancer 
cell type 

H661 
MCF-7 
HT29 

O.15 60 
O.15 
0.27 

O.10 
O.049 
O.O85 

Length of exposure to mixture is indicated in days. 
Comparison of the data in Tables 2 and 4 shows that the 

use of pentamidine in combination with mitomycin reduces 

65 
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concentrations of these drugs needed to bring about cell 
death. The same applies to pentamidine and etoposide. The 
magnitude of the effect Suggests that the use of pentamidine 
in combination with mitomycin and etoposide leads to very 
efficient destruction of cancer cells. This allows for the 
delivery of much less toxic doses of anticancer drugs such 
as mitomycin and etoposide. 

FIG. 3 shows that combining mitomycin C and etoposide 
with pentamidine is 50 to over 1,000 times more efficient at 
killing of cancer cells than using mitomycin C and etoposide 
alone. 
We have defined the efficiency of the combination as 

follows: 

Efficiency=(Pentamidine/Pentamidine)*(PI/ 
FPI) 

In this equation Pentamidine is the LCso dose of Pen 
tamidine when used alone while Pentamidine is the LCso 
dose required in the combination experiment. “P” represents 
either Mitomycin or Etoposide and the subscripts “o' and 
“c', refer respectively to the experiment when the materials 
were used alone and in the combination experiment. 

FIG. 4 shows that combining cisplatin and pentamidine 
leads to an even more profound increase in efficiency of 
killing of cancer cells. The combination of cisplatin with 
pentamidine is up to 16,000 times more efficient than using 
cisplatin alone. This Surprising increase is consistent with 
the known mechanisms of action of the chemotherapeutic 
agents. Mitomycin C and etoposide achieve cell death 
through a complex mechanism involving single strand 
breaks. Relatively few of these single strand breaks progress 
to double strand breaks. By contrast, cisplatin operates by a 
mechanism that ultimately induces double Strand breaks. 
Endo-exonuclease repairs double strand breaks. These 
results demonstrate that in cell culture, the inhibition of 
endo-exonuclease with pentamidine increases the efficiency 
of the anticancer activity of agents that induce double strand 
breaks much more than that of agents that induce single 
Strand breaks. 
The addition of pentamidine to a chemotherapy treatment 

allows the concentrations of the chemotherapeutic agents to 
be reduced without any loss of efficiency. It also enhances 
the efficiency of treatment. 

Example 7 

Animal Experiments 

FIG. 5 shows the results of a preliminary experiment 
where mice with fairly large (100 mm) fibroblast (RIF) 
tumours (a cell line derived from skin cancer) received 
tumour implants of a biodegradeable polymer containing 
either saline, pentamidine or 5-fluorouracil, a standard anti 
cancer agent. Pentamidine was intermediate in its efficacy at 
slowing tumour growth between the saline control and 
5-fluorouracil. The result is positive because the solid 
tumours were already well established and the dose of 
pentamidine had not been optimized. 
The polymer implant system is a convenient way of 

administering the drug of interest. Biodegradation of the 
polymer causes the drug to be released. However, degrada 
tion is complete after three or four days after which no more 
drug is available. Despite these limitations, pentamidine was 
shown to be effective in the period when the drug was 
available. 

FIG. 6 shows the results of a similar experiment using a 
polymer implant to deliver pentamidine. The experiment 
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was carried out on mice with fibroblast (RIF) tumours that 
were also treated with radiation (24 hours after implant) 
shortly after the tumours had reached a size of 100 mm. The 
results in FIG. 6 show that the beneficial effects of the 
radiation treatment had worn off by day 12 after treatment. 
However, animals treated with a combination of radiation 
and pentamidine had no significant tumour growth for a 
much longer period. Pentamidine was delivered via a poly 
mer implant and was therefore consumed after three or four 
days. Nevertheless, the beneficial effects of its action were 
quite persistent. The test mice showed no obvious signs of 
any side effects due to the use of pentamidine. 

FIG. 7 shows the effectiveness of pentamidine as an 
anticancer agent when used against the Lewis lung carci 
noma primary tumour model. Pentamidine was delivered by 
daily injection. The results show that pentamidine was as 
effective in inhibiting the cancer growth as cisplatinum, a 
compound that is currently used for the treatment of lung 
CaCC. 

The lung tumour implants in the Lewis lung carcinoma 
form secondary tumours by metastases. The effect of pen 
tamidine on the incidence of these lung metastases was 
studied in a separate study. In post-mortem examinations, 
the mice lung metastases were counted. Pentamidine 
reduced metastases in a dose dependant manner by a factor 
of three with the highest dosage tested. The results from 
these post-mortem examinations are set out in Table 5. 

TABLE 5 

The Effect of Pentamidine on Lung Metastases in Lewis Lung 
Carcinoma Mouse Model 

Compound Number of Metastases/Lung 

Blank 34 3 
Pentamidine (25 mg/kg) 23 3 
Pentamidine (50 mg/kg) 10 - 2 

Example 8 

In Vivo Animal Experiments 

Materials and Methods 
Pentamidine was supplied. The solution was made by 

dissolving the pentamidine in sterile distilled water. The 
pentamidine Solution was aliquoted and stored at -20° C. 
upon receipt. Immediately prior to use, drug stock was 
quickly thawed, kept at 4° C. and protected against light 
until administration. Cisplatin and adriamycin were pro 
vided. These drugs were prepared as indicated for the 
clinical preparation. The saline solution (0.9%) sodium 
chloride was stored at 4° C. 

Lewis Lung Carcinoma Cell Line and Cell Culture 
The Lewis lung carcinoma clone, M47, with a high 

metastatic potential to the lung was used. Tumours induced 
by M47 have been well characterized in relation to their 
growth rates and response to standard chemotherapy drugs. 
The cell used was confirmed to be free of mycoplasma. Cells 
were maintained in RPMI-1640 medium supplemented with 
10% fetal bovine serum and 1% penicillin-streptomycin, 
under 5% CO. Cells were then propagated and stocks of the 
same passages were established and stored in liquid nitro 
gen. Oncozyme studies were done with the same stock of 
cells and same passage number. 

For tumour induction, cells were grown to 70% conflu 
ence in complete medium and then collected using trypsin 
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EDTA solution 0.05% trypsin 0.53 mM EDTA-4Na in 
HSS without Ca++, Mg++, and NaHCO3; Celigro No. 
25-052-Li. Cells were then centrifuged and washed three 
times with phosphate buffer solution D-PBS, Ca++ and 
Mg++free: Cellgro No. 21-031-LV, and resuspended at a 
dilution of 0.1 to 1x10 cells/0.1 ml. Viability was examined 
by trypan blue staining and only cells in which the viability 
was >95% were used for in vivo studies. 

Tumour Cell Inoculation and Treatment 
The mouse strain used in this study is C57BL/10 from 

Charles River Inc. Animals were housed 5 per cage and were 
fed a diet of animal chow and water ad libitum. After one 
week acclimatization, LLC cells were transplanted Subcu 
taneously, as a suspension of tumour cells 2-5x10 viable 
cells per 0.1 ml), in the axillary region of the right flank. All 
animals were inoculated at the same site. Animals were 
Subjected, on a daily basis, to general examination. Tumour 
growth was monitored every second or third day using 
calipers. Parameters measured were: tumour measured along 
the longest axis (length) and the perpendicular shortest axis 
(width) and the relative tumour volume (in cm) was cal 
culated by the formula: length (cm)x(width cm) (approxi 
mately 10–15 days), mice were randomized into one of the 
following groups: 

1) Metastases 
Animals were subjected to Surgery to remove the primary 

tumour. The mice were lightly anesthetized with Forane. The 
skin overlying the tumour was cleaned with betadine and 
ethanols, in a laminar flow hood. A Small skin incision 
(0.5-1 cm) was made using a sterile Scalpel, and the tumour 
was carefully separated from the normal tissues (skin and 
muscle). Lewis Lung carcinoma cells (at early stage of 
growth: 1-3 weeks) are a well localized tumour and sepa 
ration was easy to achieve without any significant damage to 
normal tissues. The tumour was removed, weighed and in 
Some cases fixed for histopathology purposes. The wound 
was closed with Surgical stainless steel clips (Autoclips; 9 
mm, Clay Adams, Inc. Parsippany, N.J.). This site was 
further disinfected with betadine and the animal was housed 
as described earlier. 

In this group, mice were randomized after Surgery into a 
group of 5 per cage. Cages were randomly assigned to 
specific experimental groups. The mice were then labelled 
by numbers using the “ear punching method. Mice were 
checked on a daily basis to ensure the absence of infection. 
Animals with discomfort were sacrificed immediately. For 
each experiment, an additional extra spared group of control 
mice was included to determine the optimal timing for 
sacrifice in order to obtain a significant number of well 
localized lung metastases. This group was subjected to the 
same experimental procedure as group 1 with the exception 
of drug treatment. Based on this group, a period of approxi 
mately two weeks after removal of the primary tumour was 
found to result in an average of 25–35 nodules. 
2) Primary Tumour 
The conditions for this group were identical to the group 

used for the experiments on metastases with the exception 
that the primary tumour was not removed, and the animals 
were maintained until the tumours reached a large size that 
justified animal sacrifice, or the animals manifested a dis 
comfort that justified their sacrifice (reduced mobility, 
severe respiratory symptoms, etc.). 
3) Dosing Schedule and Treatment 

Pentamidine and chemotherapy drugs were given as 
described in the results. Control animals were given the 
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same volume of saline solution 0.9% sodium chloride. The 
dose of each drug was normalized to body weight per 
animal. 
The pentamidine and cisplatinum were injected by intra 

peritoneal injections. Adriamycin was injected intrave 
nously. The pentamidine and chemotherapy drugs were also 
delivered to the animals at different times. They were given 
every second day for a total of 5 times. It is also possible to 
inject the pentamidine and all of the chemotherapy drugs 
intravenously and contemporaneously. This method and 
regimen of administration can lead to a different combina 
tion efficiency. 
Animal Sacrifice, Tumour/Organ Preparation 

At the end of each experiment (a total of 5–8 weeks), 
animals were sacrificed by dislocation and autopsied. 
Tumours, organs or both were removed under sterile con 
ditions using a laminar flow hood. Tumours were weighed. 
Organs (5 per group) were examined for gross pathological 
changes and then fixed in 10% formalin. Lungs were fixed 
in 10% Bouin’s fixative diluted in a formalin solution, and 
lung Surface metastases were counted using a stereomicro 
Scope at 4x magnification or a magnifying-glass, and in 
Some cases lungs were embedded in paraffin wax according 
to standard procedures. Embedded tissues were used to 
confirm metastases and further examine histopathological 
changes. 
Blood Analysis: 

For some experiments involving drug combinations, 
blood was taken from 3–5 animals per group by cardiac 
ponction. Blood was collected in heparinized tubes and 
analyzed. 
Statistical Analysis: 
The two-tailed Student T-test was used to compare sta 

tistical significance among various groups. 
Results 

Toxicity of Pentamidine 
A preliminary study was conducted on non-tumour bear 

ing mice to examine the maximal tolerable doses of penta 
midine that can be used for antitumour studies. Three 
intraperitoneal injections (day 1, day 3, and day 5) were 
tested of 25, 50, 100 and 200 mg/Kg of body weight 
respectively. All animals receiving 100 mg/Kg of body 
weight died because of acute toxicity as shown in FIG. 8. 
This was observed even after using IP injection. Doses of 25 
and 50 mg/Kg of body weight were tolerated with no 
apparent side effects. Therefore, doses of less than or equal 
to 50 mg/Kg were used to examine the biological activity of 
pentamidine. 

Effect of Pentamidine on the Growth of Primary Tumours 
Several independent experiments were used to examine 

the antitumour properties of pentamidine on the growth of 
LLC primary tumour. These experiments indicate that the 
most active dose is 50 mg/Kg (p<0.01), as shown in FIGS. 
10 to 15. The antitumour effect of pentamidine was very 
clear on the last day of tumour growth (day 14–16), as 
shown in FIG. 10. Of note, pentamidine was as active as 
cisplatin at a dose of 3–4 mg/Kg/ip (FIG. 13). Also, in an 
experiment shown in FIGS. 14a and 14b, it is important to 
note that where pentamidine was combined with 3 mg/Kg 
cisplatin, Some animals showed a complete regression of the 
tumours. However, these animals were not kept for a longer 
period of time to ensure that there was no tumour regrowth. 
Combinations of 50 mg/Kg of pentamidine and adriamycin 
showed some beneficial effect (FIG. 18) but because adria 
mycin is very toxic at the highest dose tested (7.5 mg/Kg/iv, 
100% mortality (FIG. 19)), while the minimal dose of 5 
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mg/Kg has a potent antitumour effect as did pentamidine, 
lower doses may be required to further increase the combi 
nation efficiency. 
Effect of Pentamidine on Formation of Metastases 

In the preliminary experiment, it was observed that pen 
tamidine at a dose of 50 mg/Kg inhibits lung metastases by 
more than 50% in comparison to saline-treated control 
(p<0.001), as shown in FIG. 16. This was further confirmed 
in Subsequent experiments. A pentamidine dose of 50 mg/Kg 
was found to be the most active (p<0.01), while doses of 
10–25 mg/Kg have no significant effect. Microscopic exami 
nation showed clearly that the number of metastatic nodes 
was clearly reduced in pentamidine treated animals and the 
sizes of nodes were Smaller, in comparison to the saline 
treated group. A combination of 50 mg/Kg/ip pentamidine 
and 4 mg/kg/ip cisplatin showed an enhanced effect as 
shown in FIG. 17. In a similar manner, a combination of 50 
mg/Kg/ip pentamidine and 5 mg/kg adriamycin/iv showed 
some beneficial effect, as shown in FIG. 20. 
Conclusions 

This study indicates that pentamidine inhibits Lewis Lung 
Carcinoma tumour growth at tolerable doses after chronic 
intraperitoneal administration. 
An anti-metastatic effect was clearly observed in a dose 

effect dependent manner in groups where the primary 
tumour was removed after it has reached a size of 0.5 to 1 
cm. The highest tolerated dose of 50 mg/kg was the most 
active. Macroscopic examination reveals that the numbers of 
lung nodes were reduced and, when present, were Smaller in 
pentamidine treated groups compared to controls. 

Combination of pentamidine and chemotherapy drugs 
clearly improves the therapeutic response in light of the data 
obtained. 

Pharmaceutical Compositions 
Pharmaceutical compositions of the above compounds are 

used to treat patients having cancer. Vehicles for delivering 
the compounds of the present invention to target tissues 
throughout the human body include saline and D5W (5% 
dextrose and water). Excipients used for the preparation of 
oral dosage forms of the compounds of the present invention 
include additives such as a buffer, Solubilizer, Suspending 
agent, emulsifying agent, Viscosity controlling agent, flavor, 
lactose filler, antioxidant, preservative or dye. There are 
preferred excipients for parenteral and other administration. 
These excipients include serum albumin, glutamic or aspar 
tic acid, phospholipids and fatty acids. 
The preferred formulation is in liquid form stored in a vial 

or an intravenous bag. The compounds of the present 
invention may also be formulated in solid or semisolid form, 
for example pills, tablets, creams, ointments, powders, 
emulsions, gelatin capsules, capsules, Suppositories, gels or 
membranes. 
The preferred route of administration is intravenous. 

Other acceptable routes of administration include oral, topi 
cal, rectal, parenteral (injectable), local, inhalant and epidu 
ral administration. The compositions of the invention may 
also be conjugated to transport molecules or included in 
transport modalities such as vesicles and micelles to facili 
tate transport of the molecules. Methods for the preparation 
of pharmaceutically acceptable compositions that can be 
administered to patients are known in the art. 
The compositions of the invention may also be conjugated 

to transport molecules, monoclonal antibodies or transport 
modalities such as vesicles and micelles that preferentially 
target cancer cells or that potentiate cancer cells to receive 
drugs. 

Pharmaceutical compositions including the compounds of 
the present invention can be administered to humans or 
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animals. Dosages to be administered depend on individual 
patient condition, indication of the drug, physical and 
chemical stability of the drug, toxicity, the desired effect and 
on the chosen route of administration (Robert Rakel, ed., 
Conn's Current Therapy (1995, W.B. Saunders Company, 
USA)). These pharmaceutical compositions are used to treat 
CaCC. 

Example 9 

Diagnostic Method 

Materials and Methods 
Serum from cancer patients were spotted onto nitocellu 

lose membrane and were probed with a rabbit antiserum 
raised against the endo-exonuclease according to the method 
described by Liu et al (1995). In this method, a sample of the 
endo-exonuclease protein is spotted onto a membrane sub 
strate. A solution of rabbit polyclonal antibodies added to the 
membrane onto which samples have been spotted. The 
antibodies bind to the protein. After washing, a second 
solutions of a commercially available anti-rabbit antibody or 
protein A is added that is conjugated with horseradish 
peroxidase (hrp). After washing, 4-chloro-1-napthol is 
finally added to the membrane. This reacts with the conju 
gated hrp to produce a blue colour. The intensity of the 
colour is proportional to the amount of endo-exonuclease 
present. Briefly, the serum proteins were spotted onto the 
membrane using the Bio-Rad slot-blot apparatus. The mem 
brane was then rinsed with 10 mM Tris-HCl, pH8.0 con 
taining 1 mM EDTA. After washing, the membrane was 
incubated with anti-endo-exonuclease antibody in buffer B 
(10 mM Tris-HCl, pH8.0, 1 mM EDTA, 150 mM. NaCl) 
containing 1% skim milk powder. After the membrane had 
been washed three times in buffer B for 15 min., commer 
cially available anti-rabbit-lgg conjugated with horseradish 
peroxidase or protein A conjugated with horseradish peroxi 
dase in buffer B containing 1% skim-milk powder was added 
to the membrane and incubated for 3 hat room temperature. 
The membrane was subsequently washed with buffer B for 
15 min... buffer containing 1 MNaCl for 30 min., and buffer 
B again for 15 min. After washing 4-chloro-1-naphtol solu 
tion was added to the membrane. Reaction with any horse 
radish peroxidase present produced a blue colour. 

III RESULTS 

With serum samples from 37 cancer patients (breast 
cancer metastases) of known history, a correlation between 
Survival and the level of endo-exonuclease was found. With 
a cut point for high endo-exonuclease that was used of 5.5, 
the group of patients that had a mean survival of 38.91 
months had low endo-exonuclease level whereas the group 
of patients that had a mean survival of 10.43 months had 
high endo-exonuclease levels. The p value of 0.02 indicated 
a high statistical significance for the result. Furthermore, 
virtually all the cancer patients were detected with abnormal 
levels of endo-exonuclease (above the value detected with 
cancer-free individuals) whereas the standard cancer diag 
nostic marker, CEA, only tested positive on 25% of serum 
samples from the patients. 

IV CONCLUSIONS 

The study indicated that the level of endo-exonuclease has 
a good correlation with the length of survival in patients with 
metastatic breast cancer. 
An abnormal level of endo-exonuclease was detected in 

almost all the patient samples whereas the standard cancer 
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diagnostic marker, CEA, gave positive results in only 
approximately 25% of the same patient samples. 

Although the invention has been described with preferred 
embodiments, it is to be understood that modifications may 
be resorted to as will be apparent to those skilled in the art. 
Such modifications and variations are to be considered 
within the purview and scope of the present invention. 
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We claim: 
1. A method of inhibiting the proliferation of one of 

squamous cell carcinoma, large cell carcinoma of the lymph 
node, breast cancer, colon cancer and lung carcinoma com 
prising the step of administering pentamidine as the sole 
active agent to a patient in need thereof. 

2. A method of inhibiting the proliferation of one of 
squamous cell carcinoma, large cell carcinoma of the lymph 
node, breast cancer, colon cancer and lung carcinoma com 
prising the step of inhibiting the activity of endo-exonu 
clease in the patient, in need thereof, wherein the step of 
inhibiting the activity of endo-exonuclease in the patient is 
carried out by administering pentamidine as the sole active 
agent to the patient. 

3. A method of using a compound that inhibits endo 
exonuclease activity for inhibiting the proliferation of one of 
Squamous cell carcinoma, large cell carcinoma of the lymph 
node, breast cancer, colon cancer and lung carcinoma com 
prising the step of administering the compound to a patient 
in need thereof, wherein the compound is pentamidine as the 
Sole active agent. 

4. A method of using pentamidine for inhibiting the 
proliferation of one of squamous cell carcinoma, large cell 
carcinoma of the lymph node, breast cancer, colon cancer 
and lung carcinoma comprising the step of administering 
pentamidine as the sole active agent to the patient in need 
thereof. 
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